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Scientific  Progress  and  Accomplishments: 


Fiber  Optic  Artificial  This  project  focuses  on  the  analysis  of  an  artificial  olfactory 

.  r  S* ,  system  constructed  as  follows.  See  diagram  to  the  left. 

Nineteen  fiber  optic  stands  are  doped  with  19  distinct 
fluorescent  dyes.  Light  at  single  wavelengths  is  piped  down 
the  fiber  optic  causing  the  dyes  to  fluoresce.  As  chemicals 
(mainly  hydrocarbons)  are  drawn  across  the  doped  fiber 
optics,  they  adhere  temporarily  to  the  dye  and  change  the  color 
(frequency)  of  the  fluorescing  dye.  The  response  is  transient  as 
the  chemicals  dissipate.  This  creates  a  19-dimensional  time 
series  for  each  stimulating  wavelength  and  for  each  chemical 
species.  The  time  series  is  characteristic  of  the  stimulating 
chemical  species.  A  major  goal  was  to  detect 

trichloroethylene,  TCE,  a  carcinogenic  agent  in  low  concentrations  and  potentially  in  the  presence  of  more 
harmless  carcinogens.  The  military  application  of  such  a  system  extends  to  detecting  decomposition  products  of 
TNT  (for  detection  of  land  mines)  and  also  detecting  leaking  hydrocarbons  from  damaged  military  systems  such 
as  tanks,  helicopters,  and  other  vehicles. 
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Figure  1:  Parallel  coordinate  display  of  the  19  fibers  after  a  grand  tour.  In  this  image,  two  chemicals,  TCE  and 
Coleman  fuel,  are  represented  respectively  by  red  and  cyan.  The  goal  is  to  find  variables,  which  are  capable  of 
discriminating  between  the  two.  In  this  examples  xl9,  xl8,  xl5,  x9,  x3,  x2,  and  xl  provide  substantial 
discrimination  capability. 

In  our  current  work  on  this  project,  we  have  demonstrated  that  graphical  methods  allow  for  substantial  discriminating 
capability.  In  the  example  illustrated  here,  we  have  found  a  7-dimensional  hyperplane,  which  appears  to  discriminate 
between  the  two  chemicals,  represented  here.  Current  work  involves  development  of  what  we  have  called  a  d-tour  (or 
distance  tour),  which  is  an  optimization  technique  for  finding  maximal  discrimination  capability  among  a  number  of 
chemical  species.  The  basic  idea  is  to  create  a  distance  metric  based  on  Lp-spaces  with  smoothers  and  weight  functions. 
The  d-tour  is  constructed  in  the  same  way  as  a  grand  tour,  but  in  addition  to  touring  on  the  data,  we  tour  on  the  parameters 
of  the  smoother,  of  the  weight  function  and  on  p,  the  exponent  of  the  Lp-space. 

Note  that  this  project  was  originally  funded  using  AFOSR  funds  to  support  the  research  of  Dr.  Neal  Glassman,  whose 
expertise  is  in  optimization.  Dr.  Glassman  subsequently  had  accepted  an  appointment  as  EPA  for  a  tour  of  duty  for 
AFOSR  in  London  so  that  his  expertise  in  optimization  was  lost.  The  work  described  above  attacked  the  same  problem, 
but  from  a  graphical  perspective.  The  work  was  specifically  highlighted  in  the  paper  entitled  “Visual  data  mining.” 
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